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Introduction
Microprocessor and sensor technology have been applied to build automated ships to offer diverse information for safe navigation to reduce the occurrence of human error in ship operation and achieve labour cost reduction.
Due to the complexity of ship motion and the randomizing of unpredictable environmental influences, the performances of traditional control algorithms are not satisfactory. Some works are carried out to design a robust control system for ship steering autopilot. Layne and Passino used the fuzzy model reference learning control for ship steering system [1] . In reference [2] , an ontology-based fuzzy support agent for ship steering control and desires to testify the validity of the proposal by applying the fuzzy control model to the steering control system based on linguistic instruction. A neural network based model reference adaptive control approach for controlling the direction heading of ships [3] . In reference [4] , the authors proposed an intelligent voice instruction-based learning method and discuss the building of a ship's steering control system based on this method. Yang et al. presented a novel model reference adaptive robust fuzzy control algorithm for ship steering autopilot [5] . The fuzzy control system is successfully applied in some application area. The design of fuzzy controllers is usually performed in an ad hoc manner where it is hard to justify the choice of some fuzzy control parameters such as the parameters of membership function. In this case, a self-learning fuzzy system is effective to overcome these difficulties, as it possesses the capability of self-improvement of its performance over time. Many authors proposed a learning algorithm to make the fuzzy control system self tuning and adaptive. Some of them used learning ability of the neural networks to tune parameters of the membership function of the fuzzy inference systems [6, 7] . The learning mechanism of fuzzy model reference learning model employs a reference model to provide a closed-loop performance feedback for synthesizing and tuning the controller's knowledge base [8, 9] . Some authors used the genetic algorithm to tune the parameters of the fuzzy logic system [10, 11] .
In this paper, the self learning fuzzy controller that utilizes a sensitivity model and second-order reference model is proposed as a control system for controlling the direction heading of ships. In order to determine a sensitivity function, the function describing the dependence of two variables (or variables and parameters) must be differentiable. There is a class of fuzzy controllers widely used in practical applications, usually called the TakagiSugeno zero-order (or singleton) fuzzy controllers, which can be organized to assume an analytical and differentiable form. Some authors used this method to design a control system for different application [12] [13] [14] [15] .
The paper is organized as follows: Section 2 presents the nonlinear dynamic model of ship steering system. In section 3, the structure of the self learning fuzzy control based on sensitive functions is described. In section 4, numerical simulation is made to demonstrate the learning phase of the fuzzy controller for ship steering system. Finally, the conclusion is summarized in section 5.
Nonlinear Dynamic Model of Ship Steering System
Ship steering dynamic model is obtained by applying Newton's Laws of motion. The coordinate system that is fixed to the ship is describing the motion of the ship as shown in Figure 1 . where is constant.
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Self Learning Fuzzy Control Based on Sensitivity Functions
The output of the fuzzy controller can be given as 2012 In the proposed concept, system parameter variations will be compensated for only by modifying the centroid of the fuzzy output sets Ai (input membership functions remain predefined). Therefore Therefore, the update equation of the centroid of the fuzzy controller output is given as
Simulation and Results
The nonlinear model of the ship steering, which is given in Eq. Table 1 The rules of the fuzzy controller
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The self learning Fuzzy Control Based on Sensitivity Functions is used to tune the parameters of the output membership functions of the fuzzy controller. Figure 5 iterations the optimal values of the centroid of the fuzzy controller output can be obtained. Table 2 shows the tuned centroid parameters. Table 2 The parameters of the centroid of the fuzzy controller output after tuned Figure 6 the responses for the first six iterations 
